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CONCENTRATION, PARTIAL PURIFICATION, PROPERTIES,
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MORRIS TAGER
For the elucidation of many of the problems of the nature and
mode of action of staphylocoagulase, preparations of high biological
activity and purity are essential. Preliminary studies along these lines
have been reported in the literature.3 11,15 Thus, it has been shown
that coagulase may be precipitated by alcohol, by acids, and by half-
saturation with ammonium sulfate. Walston, using 10 volumes of 96
per cent ethanol, found that such purified coagulase, contrary to the
behavior of the original material, was dialyzable through a cellophane
membrane. Smith and Hale attempted distillation at 600 to 70°C.
under reduced pressures and obtained ten-fold concentration and some
purification.
The present report describes the methods which have made possible
far greater concentration and purification of coagulase than have
hitherto been attained. Products have been prepared as much as one
thousand times more active than the original material, and 300- to
400-fold purification has been feasible. The nature and the properties
of coagulase are considered.
Materials andmethods
Cultivation of the organism. Hemolytic Staphylococcus aureus, No. 104,
isolated from a cutaneous abscess, was used throughout. The staphylococci were
maintained on extract agar slants, and from these, heavy inocula were introduced
into Rosenau brain-heart infusion broth (Difco) to which a mixture of ions,
previously described,13 had been added. Either distilled or tap water was used
in the preparation of the medium, the latter often yielding higher titers. After
3 to 6 hours of incubation, 10 to 15 per cent by volume of the seed cultures was
inoculated into 1-liter Blake bottles containing about 175 ml. of the same
medium. Although larger containers and volumes were also used, initial
coagulase titers often proved disappointing, and the far more tedious procedure
of dividing the medium among many Blake bottles was usually selected. The
cultures were incubated at 350 to 37°C. for from 4 to 6 days, depending on
the maximal elaboration of coagulase in the cell-free supernatant broth.
Titration of coagulase, standardization of plama. The procedures previously
described have been followed.13
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Nitrogen determinations were carried out by the micro-Kjeldahl technique.*
Tyrosine determinations were done by the method of Folin and Ciocalteu,4
with the addition of copper,5 using a Coleman Universal Spectrophotometer
for the readings. In applying this test, it was found that ammonium sulfate, up
to 25 per cent saturation, does not interfere with the color of the tyrosine blanks.
However, similar concentrations of ammonium sulfate added to the material
under examination leads to a significant reduction in the blue color, thereby
invalidating the reading unless ammonium sulfate is removed by dialysis.
Technique of concentration and partial purification. The following scheme
may be considered as representative, although other conditions, presented under
"Results" were also tested.
Step 1. Suitable lots of crude coagulase (e.g., 15 to 20 liters) in brain heart
infusion broth were largely cleared of cells by a Sharples Super-centrifuge.
The material was acidified slowly to a pH of from 3.8 to 4.0 with 4 N HC1.
The precipitate was allowed to settle in the cold for from 12 to 24 hours. The
supernatant solution was discarded, the precipitate packed down by centrifuga-
tion, washed with an acetate buffer at the same pH, and then was resuspended in
either 1 per cent Quadrafos (Na6P4013) (Rumford Chemical Works) or in
M/15 phosphate buffers at a pH of 8.2. The volume of the acid precipitate was
generally reduced to about 1/15th or 1/20th of the original, and the final pH
of the fraction was raised to 8.5 to 9 by the cautious addition of NaOH.
Step 2. The end-product of Step 1 was acidified to a pH of 6.5. Three volumes
of 95 per cent ethanol were then added through a capillary jet, with constant
stirring, at a temperature of the methyl cellusolve bath maintained at -5 C.
Efforts were made to add the alcohol sufficiently slowly to keep the temperature
of the solution at 0°C. or below at all times. The precipitate was allowed to
settle for from 12 to 24 hours at -5'C., the supernatant akohol was discarded, and
the precipitate separated by centrifugation at the same temperature. It was washed
once, using the same concentration of alcohol at the same pH as was employed
in the precipitation. After draining off as much alcohol as possible in the cold,
the precipitate was resuspended in the phosphate buffers as before, and brought
to a final pH of about 8.2.
Step 3. To the end-product of Step 2, ammonium sulfate crystals were added
to about 8 to 12 per cent saturation. The precipitate was allowed to form in the
cold for 12 to 24 hours, and was discarded after centrifugation in the cold.
Step 4. The slightly colored and turbid supernatant solution of Step 3 was
chilled, the pH adjusted to 6.5 to 7, and treated with 1 volume of 95 per cent
ethanol, observing the same precautions as described in Step 2. The precipitate
was again allowed to form in the cold for from 12 to 24 hours, the supernatant
alcohol and one alcohol washing were removed by centrifugation, and the pre-
cipitate was redissolved in the phosphate buffer at a pH of 8.2 as previously.
Step 5. To the end-product of Step 4, ammonium sulfate crystals were added
to a final saturation of about 10 or 15 per cent, and after the usual incubation in
the cold, the precipitate was again removed by centrifugation and was discarded.
Step 6. The coagulase of Step 5 was adjusted to a pH of 5.5 to 6, chilled
in an acetone cracked ice mixture, and one volume of ethanol was added slowly,
* Dr. Esther S. Maculla kindly carried out these determinations.
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keeping the temperature of the bath at -10°C. The precipitate was treated as
were previous ethanol samples.
If clarification of the solution does not proceed satisfactorily, an additional
cycle of alcohol precipitation and treatment with ammonium sulfate may be
introduced.
Step 7. The final product was dialyzed against many changes of distilled
water, until essentially negative to Nessler's reagent. It was then lyophilized
and stored as a powder in a desiccator.
Results
The purification of coagulase, illustrated in Table 1, followed in
the main the procedure outlined above. In this experiment, a balance of
volumes and titers was kept in order to determine the coagulase yield
and disclose the points at which coagulase was lost. The recovery of
coagulase was about 50 per cent. However, the loss incurred does not
represent denaturation, since most of it may be accounted for in the
coagulase activity of discarded materials. For example, 10 per cent
was lost in the supernatant solution after the initial acid precipitation,
while an additional 10 per cent was sacrificed with the poorly soluble
sediment (also discarded) which was separated from the solution after
the acid precipitate was reconstituted in the phosphate buffer. Cal-
culated on the basis of coagulase units per mg. of tyrosine, a 250-
fold purification has been accomplished, while, on the basis of nitrogen,
the factor is 365. Intermediate values of tyrosine which had been de-
termined are not reliable, since the ammonium sulfate was not removed
by dialysis. The final product is water clear to slightly opalescent and
will dissolve in a small volume to effect a concentration of coagulase
so that it is active in a dilution of one part in several million. The
purified material contains from 14 to 16 per cent nitrogen.
In selecting the procedures for the concentration and purification
of coagulase, various alternative conditions were explored, and the
chief findings will be summarized.
Acidprecipitation. To determine the isoelectric point of coagulase as
it exists in brain-heart infusion broth, aliquots were adjusted with 0.2 N
acetate buffers tothefinalpHvalues (Beckmann pH meter) indicated in
Table 2. The precipitates were reconstituted to the original volume with
aphosphate buffer atapHof 8.2. Coagulase was recovered quantitatively
atfrom 3.8 to4.0, although activity was demonstrable over a far broader
range. It is evident, therefore, that precipitation with acetate buffers,
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TABLE 1
CONCENTRATION AND PURIFICATION OF COAGULASE
Liter Coag.
volume titer
Toal
coag.
units
(ml. x
coag.
liter)
Coag.
units
per mg.
tyrossne
Coag.
uniti
permg.
N/mi. ofN
1. Initial broth, pH 8.5 2
2. Acid ppt. at pH 3.9
3. (2) ppt. 3 vols. 95%
ethanol pH 6.5
4. (3)+ 12% sat. amm.
sulf.,1 afterdiscarding
ppt. pH 7.5
5. (4) ppt. with 1 vol.
959% ethanol pH 6.5
6. (5)+ 15% sat. amm.
sulf. after discarding
ppt. pH 6.9
7. Ppt. (6) with 1 vol.
ethanol pH 5.9*
5,120 102,405,120 2,008 2.7 1896
81,920 81,920,000 31,507
0.96
0.90
81,920
70,000
78,643,200 55,351
63,000,000
0.7 81,920 57,344,000
0.7 81,920 57,344,000
0.7 81,920 57,344,000
8. (7)+ 12% sat. amm.
sulf. after discarding
ppt. pH 7 0.625 81,920 51,200,000 528,516t 0.12 691,666
Reconstituted in M/15 phosphate buffer at pH 8.2, alkalinized to 8.5-9 with NaOH.
t Afterprolonged dialysis against distilled water, Nessler: slight trace.
Amm. sulf. saturation: 70.6 gm. plus 100 ml. solvent at 0°C.
permitting quantitative recovery, is the procedure of choice. Limitations
of space, however, on a small laboratory scale, led to the use of smaller
volumes of the 4 N HC1 for the initial precipitation.
Buffers. One per cent Quadrafos buffer (Na0P4013) was somewhat
more effective than M 15 phosphate buffers in eluting coagulase from
precipitates. Thefurther adjustmentofthe pH with NaOH mustbe done
with caution, since excessive alkalinization not only may bring im-
purities into solution, but also may modify the course of the subsequent
steps.
Alcohol precipitation. Preliminary tests were conducted with ¼4, ½/2,
1, 2, 3, 4, and 8 volumes of undiluted 95 per cent ethanol, observing
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TABLE 2
ACID PRECIPITATION OF CRUDE COAGULASE
Per cent
pH Titer of actsivity
original sample 2560 100
3.4 640 25
3.8 2560 100
4.0 2560 100
4.15 1280 50
4.65 1280 50
5.0 640 25
the precautions of temperature previously described. Although crude
coagulase is precipitated by the lower concentrations, especially at pH
levels adjusted to the acid side of neutrality, the mechanical separation
of the precipitates on centrifugation proved more difficult, and hence
3 volumes were finally adopted. On subsequent reprecipitation with
alcohol, 1 volume proved satisfactory, and is superior to greater amounts
because the latter may cause ammonium sulfate to be precipitated as
well. Several limited attempts were made, as illustrated in Table 3,
to purify coagulase by alcohol precipitation alone. The chief factors
varied were the protein concentration and the amount of alcohol, all
precipitates being resuspended in 1 per cent Quadrafos buffer at a pH
of 8.2, and temperatures being maintained below 0°C. The results
were not satisfactory, though it is entirely possible that varying other
conditions, such aspHand the ionicstrength, mightyield more favorable
results.
TABLE 3
REPEATED ETHANOL PRECIPITATION OF COAGULASE
Sample Coag4lase units/mg. tyrosive
1. Original sample 8050
2. 3 vols. ethanol 15,120
3. (2) ppt. with 3 vols. ethanol 23,600
4. (3) ppt. with 3 vols. ethanol 22,000
5. (4) ppt. with 1 vols. ethanol 55,000
6. (4) ppt. with 0.5 vol. ethanol 31,000
Pillemer'0 has shown that, using methanol under rigidly controlled
conditions, it is possible to accomplish a high degree of purification of
tetanus toxin in one step. This prompted efforts at the purification of
coagulase by a similar technique. Coagulase was adjusted with acetate
buffers topH levels of4.0, 4.2, 4.35,4.5, 4.6, and 4.9, and precipitation
was attempted at final concentrations of methanol of 25 per cent andYALE JOURNAL OF BIOLOGY AND MEDICINE
40 per cent. Although coagulase was recovered quantitatively from
severaloftheprecipitates, themaximalpurification, in termsofcoagulase
units per mg. of tyrosine, was only ten-fold.
Ammonium sulfate. The chief value of ammonium sulfate in the
purification of coagulase lies in the fact that under appropriate condi-
tions, from 5 to 20 per cent saturation with the salt may precipitate
impurities and leave coagulase activity unimpaired in the supernatant
solution. Under some conditions, even low concentrations of ammonium
sulfate may precipitate not inconsiderable amounts of coagulase. How-
ever, coagulase may then be largely recovered by buffer elution at
alkaline pH. Since coagulase titrations are simple to carry out, it is often
desirable to add the ammonium sulfate in small increments, checking
activity at each step, and thereby avoiding precipitation of the active
material.
Since higher concentrations of ammonium sulfate, as half satura-
tion, precipitate coagulase, several extensive attempts were made at
first to remove impurities at low concentration of the salt, and then
to precipitate coagulase at higher levels. It is possible to obtain water-
clear, highly purified preparations by such procedures, but the methods
proved far more involved than those which combined the use of
ammonium sulfate and ethanol.
Properties and nature of coagulase. All the tests reported below
have been carried out on a coagulase preparation, purified according
to the scheme of Table 1, and contained 528,516 coagulase units per
mg. of tyrosine.
Coagulase maintained as a dried powder, kept in a desiccator at ice-
box temperature, as well as solutions kept at -15 to -20°C. do not lose
activity after periods in excess of six months. Aqueous solutions of
purified coagulase, or those in saline, rapidly deteriorate at 37°C. even
at favorable levels of pH. This loss may be blocked by the use of 2 per
cent peptone-saline.
TABLE 4
STABIUTY OF COAGULASE IN WATER, SALINE, AND PEPTONE-SALINE
Coagulase titers after incabation at 370 for
Sample 2 hours 5 hours 24 hoars
Distilled water 7,880 5,120 2,560
0.85% NaCl 3,560 1,280 1,280
2% peptone-saline 10,240 10,240 10,240
Initial titer 10,240
492PROPERTIES OF PURIFIED COAGULASE
A 5 ml. sample of coagulase exposed to sonic waves, 9000 cycles per
minute, in a Raytheon magnetostrictor for 25 minutes lost 75 per cent
of its activity.
Effect of pH. Coagulase was dissolved in buffers of constant ionic
strength of 0.2, and kept at the pH levels indicated in Table 5 for 22
hours at 37°C. All solutions were adjusted to neutrality before the titra-
tions were carried out. It will be seen that coagulase was most stable at
pH levels of 4.5 to 7, while marked deterioration occurs on the
alkalineside.
TABLE 5
EFFECT OF pH ON THE STABILITY OF COAGULASE
pH Coagulase titer
2.5
4.0
4.5
5.0
6.0
6.5
7.0
7.7
9.0
11.2
.240
200
400
400
400
480
400
160
50
0
Effect of heat. Crude coagulase is quite thermostable, and has even
been reported to resist autoclaving at 120'C."4 On the contrary, purified
coagulase is labile (Table 6).
TABLE 6
EFFECT OF HEAT ON PURIFIED COAGULASE
Sample Coagulase titer per cent of activity
Unheated, 3.75 mg.
per ml. of dist. HOH 163,840 100
56°C. 30 minutes 40,960 25
65°C. 30 minutes 10,240 6.2
Boiling HOH, 15 minutes 1,280 0.78
Boiling HOH, 30 minutes 640 0.39
Effectof cysteine andthioglycollate. Sodium thioglycollate 0.05 per
cent in saline at a pH of 6.8 did not exert any significant effect on the
stability ofcoagulase during an observation period of 24 hours at 37°C.
Cysteine, however, under the same conditions, retarded the deterioration
of coagulase when compared to the effect of saline alone, so that from
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1/2 to 1/3 of the activity was still preserved after 24 hours incubation
at 370C.
Efect of ascorbic acid and of oxidizing agents (superoxol). In sharp
contrast to cysteine and thioglycollate, ascorbic acid (Cevalin, Sodium
salt, Lilly) at appropriate concentrations exerts a strikingly deleterious
effect on coagulase (Table 7). Appropriate concentrations of superoxol
similarly inactivate coagulase. Since it has been suggested that ascorbic
acid breakdown may lead to the formation of peroxides,"7 cysteine was
added to an ascorbic acid coagulase mixture, and was found to block the
rapid loss ofcoagulase activity. Serum or plasma also interfered with the
action of ascorbic acid on coagulase.
TABLE 7
THE EFFECT OF ASCORBIC ACID AND OF SUPEROXOL ON COAGULASE
Coagulase titers after incubation at 370 for
Sample* 2 hours 5 hours 24 hours
0.1% ascorbic acid 160 30 0
0.05% ascorbic acid 80 20 0
0.001% ascorbic acid 10,240 2,560 1,280
0.05% ascorbic acid+ 10,240 2,560
0.1% cysteine
superoxol (1:10,000) 10,240 10,240 2,560
superoxol (1:1000) 0 0 0
superoxol (1:100) 0 0 0
Initial titer: 10,240
* Ascorbic acid and superoxol incubation mixtures with coagulase were tested in both
distilled water and in M/15 phosphate buffers at pH 7, with essentially the same results.
Nature of purified coagulase. Purified coagulase preparations are
non-dialyzable through cellophane membranes; they give the tyrosine
color reaction, and contain 14 to 16 per cent nitrogen. The active prin-
ciple is best precipitated at pH 4.0 to 4.5 in acetate buffers. Several
samples studied in a Tiselius apparatus in a phosphate buffer of ionic
strength 0.38 in M/15 NaCl at pH 7.7 and observed for 24 hours
revealed two mobile components.
On the basis of filtration experiments through gradacol membranes,
Smith and Hale1' have suggested that crude coagulase is Ptparticulate,"
or that it is associated with particulate material of fairly uniform size,
since coagulase passed through 0.76 iu membranes but lost activity
through less porous filters. Purified coagulase was subjected to ultra-
centrifugation* at 39,000 r.p.m. for 3 hours, and the coagulase activity
* Dr.Joseph L. Melnick kindly performed the ultracentrifugation.
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was determined at various levels of the tubes. Two samples were
sedimented in thepresence ofgradients ofsucrose, while 2 other samples
were tested without added sugar. To assure maximal stability of
coagulase, it was suspended in 2 per cent peptone saline. Although
sedimentation took place, no active pellets were formed. Particulate
substances of small size, such as poliomyelitis virus, are sedimented
by such forces,9 while the behavior of coagulase is far more comparable
to that of smaller molecules, as of the order of proteins. (Table 8).
TABLE 8
ULTRACENTRIFUGATION OF COAGULASE
Coagulase titers
Sucrose A Sucrose B No Sucrose A No Sucrose B
1 1600 1920 4480 4480
2 2920 1920 4480 4480
3 3200 3200 6400 6400
4 3840 3200 7680 8960
5 3840 4480 8960 8960
S.F.* 26.5 19.1 21.9 25.3
S.F. Sedimentation factor
1 through 5: levels of column ofcoagulase, from top to bottom.
Qualitative carbohydrate tests on unhydrolyzed material were either
negativeordoubtfullypositive. Thus, the Molisch ring test was negative,
while after standing and mixing, the faintest trace of purple color de-
veloped, comparable to that of M/2500 glucose. The Bial test was
negative, while the qualitative carbazol reaction gave the faintest possi-
ble trace.
To obtain further evidence of the nature of coagulase, purified
material was subjected to the action of several enzymes: crude papain,*
crystalline trypsin* and chymotrypsin,* streptokinase and human
plasma fraction III-3-1, and to calf thymus peptidase.* It is seen (Table
9) that trypsin and chymotrypsin were most effective, followed by
activated lysin (III-3-1), while papain and calf thymus peptidase were
inert during the period of observation.
* These preparations were kindly made available by Dr. Joseph Fruton.
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Enzy'mes
TABLE 9
THE EFFECT OF ENZYMES ON PURIFIED COAGULASE
Coaguslase titers after incuibation at 370 for
2 nmin. 10 min. 40 min. 80 min.
crude papain
calf thymus
cryst. trypsin
cryst. chymotrypsin
streptokinase
III-3-1
streptokinase+
III-3-1
no enzymes
10,240
.10,240
10,240
10,240
10,240
10,240
10,240
10,240
10,240
80
80
10,240
640
200
10,240
10,240
20
20
10,240
60
40
10,240
10,240
10
10
10,240
20
10
160 m".
10,240
10,240
10,240
10,240 10,240 10,240 10,240 10,240
Enzyme+ plasma controls: no coagulation.
Coagulase: 0.4 mg. per ml. in M/15 phosphate buffer at pH 7.5.
Crystalline enzymes: final concentration in reaction mixture of 0.004 mg./ml., pH
7.5. Not corrected for salt content. Essentially similar conditions for streptokinase: crude
filtrate of 24-hour culture of , hemolytic streptococcus grown on fresh meat extract.
III-3-1: Dept. of Physical Chemistry, Harvard Medical School, human plasma lysin,
0.4 mg./ml.
Thequestion ofthe nature ofcoagulase action, enzymic or otherwise,
has been approached by a study of the velocity of the reaction, of the
susceptibility of other substrates to the action of coagulase, and of the
ability to recover coagulase after it partakes in the clotting of plasma.
Observations of the coagulase-plasma interaction (Table 10), when
the latter is free of neutralizing or inhibitory substances, indicate that
the reaction proceeds stoichiometrically, so that these coagulase titers
and time intervals plotted against each other would fall on essentially
a straight line.
TABLE 10
THE VELOCITY OF COAGULASE-PLASMA REACTION
Time (minutes)
5
10
20
40
80
160
320
640
1280
Coagulase titers at 37°C.
200
520
1120
2240
4480
8960
17,920
35,840
61,440
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Substrates of a protein nature, such as casein, fibrin, gelatin, or egg
albumin, were mixed with coagulase and incubated together for various
intervals of time. No gross evidence of action on these substances was
observed.
Finally, attempts were made to determine quantitatively the extent
to which coagulase is used up in its reaction with plasma. Accordingly,
plasma clots were broken up, and aliquots of the fluid retitrated with
fresh plasma. This procedure was repeated four successive times, without
significant reduction of coagulase activity. At the fifth transfer, however,
a quarter of the coagulase activity was lost.
Discussion
The first requirement for the production of coagulase preparations
of high activity and purity is the selection of a strain which may yield
high initial titers, such as 1:2560 to 1:10,240. Previous studies13
have shown that only a small number of staphylococci have this capacity
under the cultural conditions employed. Once such a strain is isolated,
difficulties may be encountered in maintaining this capacity in various
subcultures. At first, such fluctuations as were noted were attributed to
variations in cultivation, and many factors were selected for special
study, such as temperature, trace ions, distilled versus tap water, volume-
surface ratios, availability of oxygen, etc. While unquestionably some
of these factors may contribute to the differences in coagulase titer
encountered, a far more significant consideration appears to be inherent
in the organism, since even under most carefully controlled conditions
of cultivation, variants appear which may fail to elaborate as much
coagulase as did the parent strain. Cultures have been maintained on
extract agar slants in the cold, and transferred approximately once a
month. To preserve a high-titered strain, however, lyophilization of
manycultures mayprove useful.
If the initial precipitation of the crude coagulase is carried out
with acetate buffers, it is possible to recover coagulase quantitatively, to
reduce the volume 15- to 20-fold, and to accomplish a 5- to 15-fold
purification. The further concentration and purification of coagulase has
been largely based on ethanol precipitation of the active principle, and
ammonium sulfate precipitation of impurities. In the use of ethanol,
the chief precautions recommended by Cohn2 and others have been
followed, with the need for the slow addition of the alcohol and the
maintainance of low temperatures increasing with the purity of the
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product. Ammonium sulfate to from 5 to 20 per cent saturation, made
possible at various stages the removal of considerable impurities, leaving
coagulase in the supernatant solution. It is well established2'
" that be-
sides the concentration of the precipitating agents, such factors as pH,
ionic strength, protein concentration, and temperature exert a marked
influence on the course of the reaction. If these factors are varied,
duplication of results may not be possible. Thus, if the precipitates
were redissolved in phosphate buffer, and too great an excess of alkali
added, subsequent addition of ammonium sulfate might bring down
substantial quantities of coagulase with the impurities. It is therefore
most helpful to titrate all fractions for coagulase activity at each step,
since the active principle may be salvaged from the impurities by further
elution with phosphate buffers. The method which has been utilized has
given 50 per cent yields. However, if optimal conditions are observed,
such as the use of acetate buffers instead of hydrochloric acid, higher
yields are readily obtainable, since the loss incurred is not due to the
degradation of coagulase but to inadequate precipitation or mechanical
separation.
The method described for the concentration and the purification of
coagulase here reported has not exploited to the full the 5-variable
system of Cohn2 in the use of alcohol for the purification of proteins
ofplasma. In the lightof this experience, and of Pillemer's10 in the puri-
fication of bacterial toxins by methanol, it certainly appears desirable to
extend attempts at the purification of coagulase along such lines.
All available evidence is consistent with the view that coagulase
activity is associated with protein. Contrary to the report of Walston,15
the purified material is retained by cellophane membranes even after re-
peated alcohol precipitation. The ultracentrifugation findings are con-
sistent with the behavior of protein molecules rather than of particulate
bodies, as suggested by the gradacol data of Smith and Hale based
on crude coagulase. The presence of the tyrosine color reaction, and a
nitrogen content of from 14 to 16 per cent lend further support to this
view. The most direct evidence has come from the effect of proteolytic
enzymes. It has long been known15 that trypsin will inactivate coagulase,
while recently both trypsin and pepsin" were found to be effective.
However, these preparations were not crystalline, and therefore the
possibility was not entirely excluded that other enzymes known to
contaminate such preparations, such as lipases and amylases,12 were
actually involved in the inactivation of coagulase. In the present study,
however, crystalline trypsin and chymotrypsin rapidly inactivated
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coagulase, while proteolytic enzyme of plasma (Fraction III-3-1) acts
similarly. It is of some interest that a peptidase, a calf thymus prepara-
tion, was without effect. Of other properties, the susceptibility of
coagulase to ascorbic acid and to oxidizing agents is similar to the be-
haviorofseveral viruses ortoxins.7 8
Whether coagulase itself functions as an enzyme is a matter of
controversy. The enzymic nature of coagulase-plasma reaction has re-
centlybeenchallenged14 on the basis of 2 characteristics: the stoichiome-
tric nature of the coagulase-plasma reaction, in accord with present ex-
perience, and the heat stability of coagulase, even to autoclaving at
120°C. It does not seem that these criteria are conclusive, since under
certain conditions of enzyme and substrate concentration, the reaction
mayproceedstoichiometrically,12 and relatively heatstableenzymes have
been discovered, such ascrystalline ribonuclease and purified horseradish
peroxidase."2 Furthermore, present studies have shown that purified
coagulase is actually quite thermolabile. On the other hand, the fact
that coagulase is not used up in its reaction with the plasma substrate
and may be quantitatively recovered after 4 successive reactions, only
then to lose some activity, is not inconsistent with its possible enzymic
nature. The solution of this problem awaits further data, particularly in
the direction of exploration of other possible substrates for susceptibility
to coagulase action.
The purified coagulase which has been prepared is not electro-
phoretically homogeneous, since two mobile components have been
observed. However, it makes possible concentration of the material to
a very high order of biological activity, so that solutions diluted by 1 to
2 million still clot standardized plasma in 24 hours at 370C. The
clotting ofplasma by suchpreparations is fully as rapid as is the coagula-
tion brought about by suitable thrombin-fibrinogen reactions. Thus, one
coagulase product, which had a titer of 1:1,310,720, clotted human
plasma at 37°C. in 3 to 4 seconds.
Preliminary observations have indicated that mice will tolerate a
considerable dose of coagulase intraperitoneally. Rabbits injected sub-
cutaneously have shown only minimal local erythema and edema, with-
out necrosis, and have survived. When large doses of coagulase were
injected intravenously, in sufficient quantity to allow the demonstration
of coagulase in the blood of the animal, rapid death ensued. Whether
this was due to coagulase, or to impurities, has not been determined.
Further studies are in progress on various phases of the in vivo activity
of purified coagulase, including the controversial problem of its anti-
genicity.
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Summary
1. Methods are presented for concentration and partial purification
of staphylocoagulase.
2. Coagulase may be quantitatively recovered by precipitation at a
pH of 3.8 to 4 with acetate buffers, and further purification and con-
centration effected by ethanol precipitation and the separation of im-
purities by appropriate additions of ammonium sulfate.
3. Products have been obtained which are over 300 times purer
than the original material, as calculated on the basis of activity to
milligrams of nitrogen or tyrosine.
4. The purified coagulase is not homogeneous electrophoretically,
since 2 mobile components have been observed.
5. Purified coagulase is unstable in saline and in aqueous solution,
is more stable at acid pH than at alkaline, and is kept from deterioration
by cysteine and peptone.
6. Unlike crude coagulase, purified coagulase is thermolabile.
7. Purified coagulase is rapidly inactivated by ascorbic acid, and by
superoxol.
8. Evidence is presented in support of the protein nature of
coagulase.
9. The possible enzymic nature of the coagulase-plasma reaction is
discussed.
10. Concentrated coagulasepreparations have high biologicalactivity,
clotting plasma in 3 or 4 seconds.
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